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ABSTRACT Consumption rates, development times, and life table parameters of the beet army-
worm, Spodoptera exigua (Hübner), were determined on Þve host plants: cabbage, Brassica oleracea
capitata L; cotton, Gossypium hirsutum L.; bell pepper, Capsicum annuum L.; pigweed, Amaranthus
retroflexus L.; and sunßower, Helianthus annuus L. Mean total leaf weight consumed by larvae was
highest in cabbage (2.7 g) and lowest in pigweed (1.6 g). The feeding index (pupal weight divided
by total weight of leaf tissue consumed) was highest on pigweed, followed by cotton, pepper,
sunßower, and cabbage. On all host plants, signiÞcant relationships were found between amount of
leaf tissue consumed and resulting pupal weight. Likewise, signiÞcant relationships were found
between pupal weight and subsequent adult fecundity on all host plants. The highest percentage of
female progenywas recorded in S. exigua rearedonpigweed (62.2%) and the lowest for larvae reared
on cabbage (43.6%). Duration of the larval stage was shortest on pigweed (12.4 d) and longest on
pepper (18.0 d). Larval survival was highest on pigweed (94.4%) and lowest on cabbage (67.1%).
Three key statistics were used to assess performance of S. exigua on the different host plants: 1)
feeding index, 2) intrinsic rate of increase, r; and 3) growth index (percentage immature survival
divided by immature development time). Using these measures, S. exigua performance was best on
pigweed, worst on cabbage, and intermediate on cotton, pepper, and sunßower. We discuss the
implications of these Þndings for control of S. exigua.
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THE BEET ARMYWORM, Spodoptera exigua (Hübner), is
presumed to have been introduced into Oregon from
Southeast Asia in 1876, and within a few years it be-
came established across North America (Mitchell
1979). It is a cosmopolitan species that attacks .90
plant species in at least 18 families throughout North
America, many of which are crop plants (Pearson
1982). Over the last 2 decades, it has become an in-
creasingly destructive secondary pest of cotton in the
United States. In 1998 alone, '5.1 million acres of
cotton in the United States were infested with beet
armyworm and total losses from this insect were
'$19.2 million (Williams 1999). Although this pest
historically has been perceived as an occasional late-
season pest of cotton, population outbreaks experi-
enced in the 1980s and early 1990s in Alabama, Geor-
gia,Louisiana, andMississippi (DouceandMcPherson
1991, Burris et al. 1994a, Layton 1994, Smith 1994) and
more recently in Texas (Huffman 1996, Summy et al.
1996) have demonstrated the potential damage it may
cause. Chemical control programs against this pest

have been complicated by its propensity to develop
insecticide resistance (Cobb and Bass 1975, Brewer et
al. 1990). Outbreaks of this insect in cotton are often
associated with multiple early-season treatments with
broad-spectrum insecticides, especially organophos-
phates, which are intended to reduce populations of
key pests like the boll weevil, Anthonomus grandis
grandis Boheman; pink bollworm, Pectinophora gos-
sypiella (Saunders); or Lygus spp. bugs, but which
severely reduce natural enemy numbers as well
(Burris et al. 1994b, Ruberson et al. 1994, 1999, Mas-
carenhas et al. 1996).

Development of efÞcient strategies for controlling
beet armyworm will require knowledge of its biolog-
ical relationships with various host plants. Among
these, an important componentwill be anunderstand-
ing of host suitability. Quantitative analysis of con-
sumption and utilization of host plants by insect
herbivores is a commonly used tool in studies of plant-
insect interactions (Scriber and Slansky 1981). Vari-
ables describing the consumption of food by an insect,
how well this food is converted to insect biomass, and
the rate at which the insect grows can lead to an
understanding of how particular insect species re-
spond to variation inhost plant suitability. Studyof the
effect of food on the biology of insects is of particular
importance in understanding host suitability of plant-
infesting species and evaluating the magnitude of in-
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jury to the crops attacked by them. This may help,
accordingly, in designing more economic control
strategies. Various studies have evaluated host plant
effects onbeet armywormgrowthpotential (Strastova
1959, AÞfy et al. 1971, East et al. 1989, 1994) or inves-
tigated the impact of insect feeding on yield reduction
(Shelton et al. 1982). Published information about
other aspects of beet armyworm feeding biology, such
as survival and reproductive potential, is incomplete.
Our objectiveswere to determine (1) beet armyworm
larval consumption rates on Þve common host plants,
(2) effects of consumption rate on pupal weights and
the latter on fecundity, and (3) effects of host plant on
beet armyworm life table parameters.

Materials and Methods

Host Plants. The Þve plant species examined were
cabbage, Brassica oleracea capitata L. (Earliana, W.
Atlee Burpee, Warminster, PA); cotton, Gossypium
hirsutum L. (DPL-50, UAP Southwest, Santa Rosa,
TX); bell pepper, Capsicum annuum L. (Capistrano,
Peto Seed, Saticoy, CA); pigweed, Amaranthus ret-
roflexus L., and sunßower, Helianthus annuus L. Pig-
weed and sunßower seeds were collected from local
wild plants the previous fall (Texas 1999). Selection of
these plants was based on their importance as culti-
vated crops (cabbage, cotton, and pepper) and as
widely distributed weeds (pigweed and wild sun-
ßower) in the Lower Rio Grande Valley of Texas, as
well as their known acceptability for beet armyworm
oviposition. Seeds were planted in 30-cm pots in sun-
shinemixture#1 (SunGroHorticulture,Canada) '30
d before leaves were harvested for feeding trials.
Plants were grown at 27Ð288C, 65Ð75% RH, and a
photoperiod of 12:12 (L:D) h.

Insects. Beet armyworm neonate larvae were ob-
tained from an established colony maintained on a
soybean-wheat germ diet (Shaver and Raulston 1971)
at the Kika de la Garza Subtropical Agricultural Re-
search Center in Weslaco, TX. Larvae were divided
into Þve groups and reared for one generation on the
same host plant species on which the following gen-
eration was evaluated. Neonate larvae from the next
generation were used for tests.

FeedingTests.Larval feedingon the 5different host
plants was tested by placing one newly hatched larva
on a leaf taken from the upper 2⁄3 of the plant canopy,
which had reached its full dimensions. The leaf was
placed insideaplasticpetridish(15cmdiameter)with
a circular nylon screen window (5 cm diameter) on
top for ventilation. Leaves were cut from undamaged
plants at the midpoint of the petiole, weighed, and the
ends of the petioles wrapped in moistened cotton to
prevent desiccation. After 24 h, excretawere removed
from the leaves, which were then weighed. Petri
dishes were cleaned, and new weighed leaves were
supplied. This process was continued each day for
each larva until feeding ceased in the prepupal stage.
Petri dishes were held in an environmental chamber
at 26 6 18C and a photoperiod of 12:12 (L:D) h. To
determine weight loss caused by evaporation, leaves

of knownweightwere exposed to the same conditions
for a similar period without larvae and weighed there-
after. Daily food consumption per larva was estimated
by subtracting weight of remaining leaf tissue from
weight of leaf provided and correcting for evapora-
tion. Thirty replications (larvae) were used for each
host plant. All pupae were weighed and their sex
determined. A feeding index was calculated by divid-
ing mean pupal weight by mean weight of leaf tissue
consumed for each host plant.

To study fecundity, test leaves were excised and
each leaf petiole was placed in a ßoral aquapic with
hydroponic solution (Aqua-Ponic International, Los
Angeles, CA). These leaves could be used for 14 d
under laboratory conditions. Two leaves of each host
plant were placed in a cylindrical plastic cage (25 cm
diameter, 30 cm high) with a nylon top. Newly
emerged females and males were conÞned as pairs in
cages until female death. Adults were supplied with a
cottonball soakedwith 10% sucrose for feeding.Cages
were examined daily to record female mortality, pre-
oviposition period, and number of eggs laid (10 rep-
licates per set). The stage-speciÞc and overall survival
of beet armyworm on different host plants were cal-
culated as number of eggs (or larvae, or pupae)
hatched (or developed to the next stage) divided by
the initial number. The number of insects tested in
different sets depended on survival from the previous
stageandranged from67 to121.Time fordevelopment
from egg to adult was recorded for each individual.
The number of insects tested for each host plant
ranged from 20 to 70.

Life Table Statistics. An estimation of S. exigua
growth rates on the different host plants was obtained
by calculating life table statistics (Southwood 1966).
For each host plant, the jackknife program of Hulting
et al. (1990)wasused tocalculate thenet reproductive
rate (R0), the intrinsic rate of natural increase (rm),
the Þnite capacity of increase (l, deÞned as the num-
ber of times a population multiplies itself per unit of
time), the mean generation time (T), the doubling
time (DT) of the population, and the total progeny
produced per female. The growth index (GI) was
calculated by dividing the percentage survival of im-
matures by developmental time (Sétamou et al. 1999).

Statistical Analysis. The effects of host plant on
larval consumption rate and the life history parame-
ters of S. exiguawere evaluated using one-way analysis
of variance (ANOVA). The sex ratio of beet army-
worm offspring of parents reared on each individual
type of host plant was compared with a 1:1 ratio by
chi-square tests. Means associated with host plant for
each variable were separated using the Tukey hon-
estly signiÞcant difference (HSD) test when signiÞ-
cant F values were obtained. For each type of host
plant, simple linear regression analysis was used to
examine the relationship between the amount of diet
consumedandpupalweight, aswell as the relationship
between female pupal weight and progeny fecundity.
For each type of relationship, parallel line analysiswas
applied to compare the regressions of the Þve host
plants studied using the PROC MIXED procedure of
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SAS (Littell et al. 1997, Sétamou et al. 2000). The
homogeneity of the regression coefÞcients between
thedifferenthost plantswas testedÞrst, andwhenever
the slopeswere homogenous, least square (LS)means
were comparedusingmultiple t-tests (Zar 1996, Littell
et al. 1997).

Results

Larval Consumption Rates. Spodoptera exigua lar-
vae consumed a maximum of 0.364Ð0.425 g of leaf
tissue per 24-h feeding period on all host plants tested
(Fig. 1A). Peak consumption occurred at 6 d in pig-
weed, cotton, and cabbage, and at 8 d in pepper and
sunßower. Consumption rates declined thereafter un-
til pupation, except in cabbage where rates remained
high and relatively constant. Total consumption per S.
exigua larva was highest in cabbage (2.7 g) and lowest
in pigweed (1.7 g) (Fig. 1B) (F 5 8.3; df 5 4, 52; P ,
0.01).

Effects of Consumption on Pupal Weights and Fe-
cundity. Regression analyses showed signiÞcant rela-
tionshipsbetweenamountof leaf tissueconsumedand
resultingpupalweight for eachhost plant (Fig. 2A-E).

The parallel line regression analyses also revealed sig-
niÞcant relationships between total weight of diet
consumed and pupal weight (Table 1) with the
amount of variance explained ranging from 63% on
pepper to 92% on sunßower. Mean pupal weight was
highest on pigweed, followed by cabbage, cotton, and
pepper, and lowest on sunßower (F 5 3.5; df 5 4, 55;
P , 0.05; Fig. 2F). Parallel line analysis revealed het-
erogeneity of regression slopes between host plants as
shown by the signiÞcant interaction between the de-
pendent and the independent variables in the covari-
anceanalysis (F53.77; df 4, 37;P50.014).Thehighest
pupal weight gain per unit of diet consumed (46.01
mg/g) was obtained on pigweed (F 5 3.77; df 5 4, 37;
P 5 0.011) (Fig. 2C), whereas each unit of cabbage
consumed by larvae produced only 20.89 mg of pupal
weight gain (Fig. 2A). However, the least square
means comparison showed that cabbage and sun-
ßower (t 5 1.55; df 5 50; P 5 0.13), and sunßower and
pepper (t 5 1.35; df 5 50; P 5 0.18) had comparable
respective effects on S. exigua pupal weight. The feed-
ing index was highest in pigweed, followed by cotton.
Indices for pepper and sunßower were not signiÞ-
cantlydifferent.Cabbagehad the lowest index(Fig. 3)
(F 5 101.4; df 5 4, 55; P , 0.01).

Regression analyses also indicated signiÞcant rela-
tionships between pupal weight and adult fecundity
(Fig. 4 AÐE), but fecundity was similar for each host
plant (F 5 1.6; df 5 4, 84; P 5 0.2; Fig. 4F). Female
pupal weight strongly inßuenced fecundity and ex-
plained 84Ð97% of the variance in fecundity. Parallel
lineanalysis indicated the slopesof the regression lines
differed among host plants for pupalweight-fecundity
relationships (Table 1). S. exigua females laid signiÞ-
cantly more eggs per mg of pupal weight (18.9 eggs)
when larvae fed on cotton compared with other host
plants (F5 17.31; df5 4, 79;P, 0.0001) (Fig. 4B). The
lowest pupal weight-to-fecundity ratio was recorded
on pigweed (Fig. 4C), whereas S. exigua reared on
cabbage, sunßower, and pepper laid intermediate and
comparable numbers of eggs per unit weight of fe-
males.

Effects of Host Plant on Sex Ratio, Development,
and Survival. Host plant signiÞcantly affected per-
centage female progeny (Table 2) (F 5 7.8; df 5 4, 13;
P , 0.01). The highest percentage of female progeny
was recorded from S. exigua reared on pigweed
(62.2%) and the lowest from moths reared on cabbage
(43.6%). Except for pigweed (x2 5 4.87, P , 0.05), the
sex ratios did not differ signiÞcantly from a 1:1 ratio.
Duration of the larval stage (Table 2) averaged more
than5d lessonpigweed thanonpepper(F528.7; df5
4, 219; P , 0.01). Total development time also was
shortest on pigweed (20.2 d), and was highest on
cabbage, sunßower, and pepper (25.2Ð26.6 d) (Table
2) (F 5 34.8; df 5 4, 219; P , 0.01). Larval and total
development times on cottonwere intermediate.Host
plant did not signiÞcantly affect percentages of egg
hatch (F 5 2.2; df 5 4, 13; P 5 0.13) or pupal survival
(F5 0.4; df5 4, 13;P5 0.8) (Table 3).However, larval
survival differed among host plants (F 5 25.9; df 5 4,

Fig. 1. Consumption of Þve different host plants by lar-
vae of S.exigua (bars indicate SE). (A) Mean weight of leaf
tissue consumed per larva measured at 24-h intervals. (B)
Total weight of leaf tissue consumed per larva for each host
plant (F 5 8.3; df 5 4, 52; P , 0.01). Means with the same
letter are not signiÞcantly different (Tukey HSD, P , 0.05).
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13; P , 0.01), being highest in pigweed (94.4%) and
lowest in cabbage (67.1%).

Life Table Statistics. Life table statistics calculated
for S. exigua varied signiÞcantly with the host plant

(Table 4). Growth rates and total progeny production
by females of S. exigua were highest on pigweed, and
the generation and doubling times were also shortest
on this host plant. This suggests that pigweed is a

Fig. 2. Relationships between pupal weight and leaf tissue of 5 host plants (A-E) consumed by Spodoptera exigua larvae,
and mean pupal weights for each host plant treatment (F). (A) Cabbage. (B) Cotton. (C) Pigweed. (D) Sunßower. (E)
Pepper. (F) Error bars indicate SE; different letters indicate signiÞcant differences (Tukey HSD; P , 0.05).
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better food source for larval growth and development
than the other host plants tested. Of the Þve host
plants studied, cabbage was least suitable for S. exigua,
as shown by the lowest growth rates and progeny
production, and the longest generation and doubling
times (Table 4).

Discussion

Beet armyworm larval feeding efÞciency was eval-
uated on excised leaves of Þve common host plants in
southern Texas. Many plants contain secondary sub-
stances that deter feeding and oviposition in phyto-
phagous insects (Gupta and Thorsteinson 1960;
Yamamoto and Fraenkel 1960; Hsiao and Fraenkel
1968), and there is evidence of substances in pigweed
that can deter beet armyworm feeding (Mitchell and
Heath 1985). It is possible that mobilized plant de-
fenses induced by feeding damage could affect larval
feeding parameters and development time differently
on whole plants than on excised leaves. However,
hierarchical relationships between feeding efÞciency
found in this study and thoseof ovipositionpreference
on whole plants which we have observed in a parallel
study are essentially the same (S.M.G. and T.W.S.,
unpublished data), suggesting that the results of this
study reßect genuine differences in host plant suit-
ability.Thepurposeofusingexcised leaveswas to limit

uncontrolled variation among whole plants within
species so that the insect parameters of interest, in this
case consumption and development rates, could be
fairly assessed across host plant species. The use of
excised leaves is a standard method for providing uni-
form plant material in laboratory feeding studies of
this kind(AÞfyet al. 1971,GriswoldandTrumble1985,
East et al. 1989, Meade and Hare 1991, Yoshida and
Parrella 1992, CaulÞeld and Bunce 1994, Loughrin et
al. 1995, Stapel et al. 1998).

East et al. (1989)examined larval consumption rates
among larvae of S. exigua on cabbage. Mean larval
consumptionwas 0.039 gof cabbagedaily, or 1.53 gper
larva for the entire larval feeding period at 25 6 18C
and a photoperiod of 12:12 (L:D) h. We found higher
consumption levels of 2.7 6 0.16 g (mean 6 SE) of
cabbage per larva. Reasons for the differences are
unclear, but are likely caused by such factors as ex-
perimental conditions and variations in strains of cab-
bage and larvae.

In this study, S. exigua larvae feeding on cotton,
sunßower, pepper, and pigweed all exhibited similar
patterns of consumption. Consumption rates (mea-
sured as grams plant material consumed per 48-h pe-
riod) increased toapeak less thanhalfway through the
larval stage, then declined before pupation. However,
larvae feeding on cabbage sustained high consump-
tion rates until pupation, resulting in higher total con-
sumption per larva. Total larval consumption of pig-
weed was lowest among all treatments studied
because peak consumption was reached early and
ceased by 12 d, compared with 14Ð16 d in the other
treatments.

Within each feeding treatment, weight of leaf tissue
consumed was positively related to pupal weight. Al-
though total larval consumption was lowest on pig-
weed, pupal weight was highest in this treatment.
Larvae feeding on pigweed produced pupae that av-
eraged 117 mg, compared with 103 mg for cotton,
cabbage, and pepper, and 92 mg for sunßower. Similar
results were reported by Ali and Gaylor (1992), who
studied the effects of temperature and three diets on
the development of S. exigua. Among eight constant
temperatures ranging from15 to 388C, pupae averaged
80Ð100 mg when reared on cotton, compared with
100Ð120 mg when reared on pigweed. The highest
pupal weights (110Ð130 mg) were obtained on artiÞ-
cial diet. The low consumption rates observed on
pigweed are, therefore, not likely to be the result of an
aversion to pigweed as a host plant. A more plausible
explanation is that pigweed is of higher nutritional
quality for S. exigua than the other host plants tested.
In the case of other host plants, pupal weight was
found to vary with cultivar (Meade and Hare 1991,
Yoshida and Parrella 1992).

Within each host plant treatment, increased pupal
weight resulted in increased fecundity. Mean 6 SD
lifetime fecundity of S. exigua ranged from 1,019.8 6
68.0 eggs in pepper to 1,310.3 6 99.2 eggs in pigweed,
but the differences were not statistically signiÞcant.
Tisdale and Sappington (2001) showed that both po-
tential and realized lifetime fecundity were signiÞ-

Table 1. Standard errors of regression parameters

Host
plant

Leaf tissue consumed
vs. pupal wt

Pupal wt vs.
fecundity

Slope Intercept Slope Intercept

Cabbage 4.4 12.6 1.1 114.6
Cotton 4.3 8.8 1.8 165.1
Pepper 10.3 24.0 0.6 55.1
Pigweed 5.3 8.6 0.6 76.2
Sunßower 2.4 5.4 0.5 61.3

Fig. 3. Mean feeding indices (pupal weight/tissue con-
sumed) of S. exigua on different host plants; bars indicate SE;
means with the same letter are not signiÞcantly different
(Tukey HSD, P , 0.05).
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Fig. 4. Relationships between pupal weight of S. exigua and total adult fecundity for each host plant treatment (AÐE),
and mean adult fecundity for each host plant treatment (F). (A) Cabbage. (B) Cotton. (C) Pigweed. (D) Sunßower. (E)
Pepper. (F) Error bars indicate SE; different letters indicate signiÞcant differences (Tukey HSD; P , 0.05).
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cantly related to pupal weight for S. exigua reared on
artiÞcial diet, but that fecundity was also affected by
adult diet. They reported lifetime realized fecundity
(6SE) of 1,382 6 48 eggs for moths reared on a
soybean-wheat germ diet and 10% sucrose as adults.

We were unable to locate previous studies on prog-
eny sex ratios in S. exigua. In this study, we found that
larvae reared on pigweed produced the highest per-
centage of female progeny (62.2%), whreas those
reared on cabbage produced the lowest (43.6%). No
signiÞcant correlations were found between percent-
age female progeny and mean parent pupal weight
(Pearson correlation coefÞcient r 5 0.46) or mean
parent fecundity (r 5 0.4) (P . 0.05). It is difÞcult to
imagine that a female lepidopteran can actively inßu-
ence the sex ratio of her progeny. However, it seems
unlikely that the relationship reported here arose by
chance, because the hierarchical pattern of percent-
age femaleprogenyacrosshost plants (Table 2) is very
similar to that for other parameters measured in this
study (e.g., Tables 3 and 4). Thus, it seems evident that
larval nutrition can affect the sex ratio of the next
generation, but the mechanism is unknown.

Larval development time was longest on pepper,
sunßower, and cabbage (17 d), followed by cotton
(14.3 d), and was shortest on pigweed (12.4 d). East
et al. (1989) reported longer development times (Þrst
instar to prepupae) of 39.3 d on cabbage at 258C.
Al-Zubaidi and Capinera (1984) found larval devel-
opment times of 18.4, 22.0, and 22.8 d on sugar beet,
pigweed, and lambsquarter, respectively, at 24.88C.
Larval development times on chrysanthemum ranged
from 14.9 to 25.6 d at 278C, depending on cultivar and
age of the plants (Yoshida and Parrella 1992). On
celery, larval development time ranged from 13.7 to
18.5 d (average of 14.9 d) at 268C, depending on
cultivar (Meade and Hare 1991). Itoyama et al. (1999)

found that the duration of the Þnal larval stadium of
Spodoptera litura (F.) became signiÞcantly longer as
diet quality decreased. Total development time of S.
exigua followed the same pattern as larval develop-
ment: longest times were recorded on sunßower, pep-
per, and cabbage ('26.0 d), followed by cotton (22.5
d), and pigweed (20.2 d). In comparison, Yoshida and
Parrella (1992) reported total development times(egg
hatch to adult emergence) ranging from 22.0 to 28.4 d
on different cultivars of chrysanthemum at 278C. We
found that duration of the pupal stage was relatively
constant at 8.0 d. Similar durations of the pupal stage
were recorded for sugar beet, pigweed, and lambs-
quarter (7.9, 9.0, and 9.7 d, respectively; Al-Zubaidi
and Capinera 1984), and cultivars of chrysanthemum
(7.1Ð8.2 d; Yoshida and Parrella, 1992).

Host plant affected survival of S. exigua only in the
larval stage. Egg survival (percentage hatch) averaged
91.6%, and survival to adulthood from the pupal stage
91.7%, regardless of host plant. However, larval sur-
vival was dramatically affected, ranging from 94.4% on
pigweed to 61.7%oncabbage. Thedifferential survival
rates of larvae affected overall survival, resulting in a
similar pattern: pigweed . cotton . pepper . sun-
ßower . cabbage. In celery, overall survival to pupa-
tion was only 55%, ranging from 27.5 to 82.5%, de-
pending on cultivar (Meade and Hare 1991). Survival
to pupation ranged from 40 to 100% depending on age
and cultivar of chrysanthemum at 278C (Yoshida and
Parrella 1992). Ali and Gaylor (1992) found that sur-
vival was highest on artiÞcial diet (close to 100% ex-
cept at temperature extremes), whereas 60Ð80% sur-
vived on pigweed, and 50Ð80% survived on cotton
depending on rearing temperature.

For an overall assessment of the effects of the dif-
ferenthostplantsonS. exigua,we focusedon threekey
statistics: the feeding index (Fig. 3), the intrinsic rate
of increase, and the growth index (Table 4). The
feeding index reßects the convertibility of plant bio-
mass into insect body weight. A ranking of the feeding
index in order of decreasing convertibility is: pig-
weed . cotton . sunßower 5 pepper . cabbage.
Therefore, greater amounts of cabbage must be con-
sumed to produce a given pupal weight. The intrinsic
rate of increase, r (as well as the net reproductive
rate), indicates the potential of a population to in-
crease under the conditions tested. Ranking the host
plants based on statistically signiÞcant decreasing val-
ues of r yields: pigweed . cotton . sunßower .

Table 3. Stage-specific and overall survival (%) of S. exigua on
different host plants

Host
plant

n Eggs Larvae Pupae Overall

Cabbage 73 91.6 6 2.6a 67.1 6 3.4d 87.4 6 6.3a 53.5 6 2.8d
Cotton 121 91.5 6 1.4a 88.7 6 1.8ab 92.8 6 2.6a 75.2 6 1.2b
Pepper 67 91.3 6 1.9a 81.8 6 2.0bc 90.1 6 1.5a 67.2 6 1.5bc
Pigweed 97 94.7 6 0.8a 94.4 6 0.9a 95.5 6 1.7a 85.4 6 1.7a
Sunßower 98 88.7 6 1.1a 75.9 6 2.6cd 92.5 6 3.7a 62.4 6 3.7cd

Means (6SD) within a column followed by the same letter are not
signiÞcantly different (Tukey HSD, P , 0.05).

Table 2. Effects of different host plants on sex ratio and development times of S. exigua

Host
plant

% female progeny
(n)

x2

(1:1)

Development time, d (n)

Larval Total

Cabbage 43.6 6 1.3c (39) 0.643 16.9 6 0.3a (47) 26.4 6 0.4a (47)
Cotton 58.3 6 3.0ab (107) 2.712 14.3 6 0.2b (35) 22.5 6 0.2b (35)
Pepper 49.5 6 5.5bc (33) 0.03 18.0 6 0.8a (20) 26.6 6 0.8a (20)
Pigweed 62.2 6 1.3a (75) 4.87a 12.4 6 0.3c (52) 20.2 6 0.4c (52)
Sunßower 48.8 6 1.2bc (70) 0.06 16.3 6 0.4a (70) 25.2 6 0.5a (70)

1 Means (6SD) within a column followed by the same letter are not signiÞcantly different (Tukey HSD, P , 0.05).
a Sex ratio of offspring of parents reared on a given host plant differs signiÞcantly from a 1:1 ratio (P , 0.05).
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pepper . cabbage. The growth index (GI) empha-
sizes the importance of both survival and develop-
mental time in measuring food quality (Sétamou et al.
1999). Higher survival rates and shorter development
times yield higher values of GI, thus indicating better
food quality. We were unable to perform a statistical
analysis on this index because only one value was
obtained for each treatment. Host plants listed in or-
der of decreasing GI values are pigweed . cotton .
pepper . sunßower . cabbage. All three indices in-
dicate that S. exigua performed best on pigweed and
worst on cabbage. Measures on sunßower, cotton, and
pepper were mixed, although always intermediate be-
tween pigweed and cabbage. Therefore, we conclude
that pigweed provides the best food quality for S.
exigua, cabbage the worst, and the other host plants of
intermediate quality. Levels of nitrogen content re-
ported for these plant species in the literature show
the same hierarchy (Telek and Graham 1984, USDA
1984, CaulÞeld and Bunce 1994, Wiedenfeld et al.
1995, Scheiner and Lavado 1999, Makus and Smart
2000) as beet armyworm performance reported here,
but it is not known if the two hierarchies are causally
linked.

Understanding the differences in food quality
among the Þve host plants could have practical im-
plications for the management of S. exigua. It is intu-
itive that greater consumption of plant material
sprayed with an insecticide will increase the dose of
that insecticide ingested. Our study suggests that the
relatively low food quality of cabbage for S. exigua
requires prolonged feeding relative to other crops
such as cotton and pepper, and consequently leads to
higher levels of leaf consumption and crop damage.
The longer feeding anddevelopment times of S. exigua
on cabbage may allow longer windows of opportunity
for the use of biological control agents. Although the
beet armyworm infests a wide variety of plants
(Mitchell 1979, Pearson 1982, Ruberson et al. 1994), it
is clear that some hosts, especially pigweed, Amaran-
thus spp., (Howard 1907, Wene and Sheets 1965, Tin-
gle et al. 1978), are preferred over others. The hier-
archies of oviposition preferences have not been
elucidated, but we are investigating this question for
the same 5 host plants examined here. An oviposition
preference for pigweed would make evolutionary
sense considering the substantial developmental ad-

vantages accrued by larvae feeding on this host plant
compared with others, as revealed by this study.

Pigweed and sunßower are abundant weeds
throughout the Lower Rio Grande Valley of Texas, as
well as inmanyother areasof theCottonBelt, andmay
serve as reservoir hosts for infestation of cultivated
crops. The intrinsic rate of increase is high for beet
armyworm, especially on pigweed, and if weed host
availabilitybecomes limiting, oviposition incrops such
as cotton, pepper, and cabbage may occur at levels
leading to outbreaks, even if these are not the most
preferred or most nutritious hosts. Similarly, popula-
tions may build in one cultivated host followed by a
shift to another, because crop phenologies change
differentially through the season. Understanding such
patterns of host utilization will contribute to devel-
opment of tactics involving manipulation of wild and
cultivated hosts for incorporation into areawide man-
agement strategies.
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